Human parechoviruses belong to the Picornaviridae family and are classified into 17 genotypes. Recently, it has been reported that human parechovirus genotype 3 is an important cause of severe infections, including sepsis-like illness and encephalitis, especially in newborns and infants younger than 3 months. There are also reports that human parechovirus genotype 3 infections with central nervous system symptoms lead to high rates of neurological sequelae and death. Here, we report a case of a previously healthy 1-month-old girl who developed encephalitis related to human parechovirus genotype 3 and had a favorable outcome. The patient presented septicemic symptoms, including fever, tachycardia, tachypnea with retractions and seizures without an elevated inflammatory response. She lacked cerebrospinal fluid pleocytosis but had hypercytokinemia. Brain magnetic resonance imaging and electroencephalography showed abnormal findings. Together, these findings strongly suggested acute encephalopathy. She underwent emergency intubation for respiratory failure and mechanical ventilation was started. Intravenous phenobarbital injection was performed to prevent convulsion. She was treated using intravenous immunoglobulin with methylprednisolone pulse therapy. As of 2 years after discharge, her growth development is equivalent to her age and she has had no clinical epileptic seizures. In this case, human parechovirus genotype 3 was detected from pharyngeal swabs, stool, cerebrospinal fluid and blood by polymerase chain reaction assay. The patient was diagnosed definitively with encephalitis related to human parechovirus genotype 3. The symptoms that we observed should be considered for the differential diagnosis of human parechovirus infection. When a patient is suspected of having encephalitis related to human parechovirus, treatment including intravenous immunoglobulin and corticosteroid must be started as soon as possible to prevent neurodevelopmental sequelae.
Introduction
Human parechoviruses (HPeVs) belong to the Picornaviridae family and are classified into 17 genotypes [1] . Recently, it has been reported that human parechovirus genotype 3 (HPeV3) is an important cause of severe infections, including sepsislike illness and encephalitis, especially in newborns and young infants. Furthermore, HPeV3 usually causes acute encephalitis with white matter lesions, leading to neurological sequelae and death [2, 3] . Here, we report a case of an infant with HPeV3related encephalitis who had a favorable outcome.
Case Report
A previously healthy 1-month-old girl presented with a fever of 38.8 °C. The patient did not have poor feeding, gastrointestinal symptoms, or respiratory symptoms but was admitted to our hospital for suspected sepsis. She was delivered at a gestational age of 39 weeks (birth weight: 2,674 g) by vaginal delivery without complications such as asphyxia and hyperbilirubinemia. The prenatal examination of the mother showed normal findings. All her newborn screening evaluations were normal. Her developmental and other medical history were unremarkable. She was being breastfed and had no history of receiving any vaccinations; she lived with her healthy parents and 2-year-old sister. Her sister attended a nursery school; however, she had no cold symptoms. Her family's medical history was also unremarkable. No one in her family had cold symptoms or any other illness prior to the patient's illness.
On admission, her height was 54 cm (51st percentile) and her weight was 3,960 g (50th percentile). She was alert but irritable, with a body temperature of 38.5 °C. Her heart rate was 190 beats/min (tachycardia) and her respiration rate was 40 breaths/min (tachypnea). No bulging of the fontanel or cranial nerve deficit was observed. Neurological examination showed normal results. No abnormality was recognized by auscultation of the chest. Abnormal findings of abdominal distention and reticulated cyanosis of the limbs were observed.
Laboratory blood examination showed a reduced leukocyte count of 3.5 × 10 9 /L, but C-reactive protein results were not elevated. Serum chemistry was normal. Pyuria was not observed in the urine, and rapid antigen tests for respiratory syncytial virus, human metapneumovirus and influenza type A and B viruses were also negative. Her chest radiograph was normal. Gastrointestinal gas dilation was recognized on an abdominal radiograph. On the second day after hospitalization, retraction breathing became evident in the evening. On the morning of the third day of admission, generalized clonic seizures of 5 min duration were recognized two times. In both cases, intravenous (IV) diazepam (0.3 mg/kg) was administered immediately and the seizures stopped. Brain computed tomography (CT), brain magnetic resonance (MR) imaging, electroencephalography and lumbar puncture were performed because of the appearance of seizures.
Laboratory blood examinations performed after the convulsions showed hyponatremia of 125 mmol/L. In addition, elevated ferritin levels of 754 µg/L and high interleukin-6 (IL-6) levels of > 109 pmol/L in plasma were observed using IL-6 STICKELISA ® (Toray Medical Co., Ltd, Tokyo, Japan) [4] , suggesting hypercytokinemia. Cerebrospinal fluid (CSF) analysis did not show any pleocytosis (1/µL), elevation in protein levels (0.4 g/L), or decrease in glucose levels (3.3 mmol/L). Blood, urine and CSF bacterial cultures showed no growth. There was no obvious abnormality in cranial CT.
In brain MR diffusion-weighted image (DWI) on the third day of admission, the right frontal lobe exhibited slightly highintensity areas, and T2-weighted fluid-attenuated inversion recovery (FLAIR) showed hyperintense lesions in bilateral parietal white matter (Fig. 1 ). In an electroencephalogram (EEG) obtained on the third day of admission, spike waves were independently recognized in the left and right parietal regions. Slow waves were not observed in the background activity (Fig. 2) .
These findings strongly suggested acute encephalopa-thy. Methylprednisolone pulse therapy (30 mg/kg/day for 3 days), 1 g/kg/day of IV immunoglobulin (IVIG) for 2 days and edaravone (1 mg/kg/day) were promptly started. She underwent emergency intubation for respiratory failure on the same day, and mechanical ventilation was started. IV phenobarbital (5 mg/kg/day) injection was performed to prevent convulsion. Leukocytopenia, anemia and coagulopathy were complications, and daily administrations of ricomodulin and fresh-frozen plasma were necessary, along with transfusion of erythrocytes. Improvements in tachycardia and coagulopathy were observed after a first course of methylprednisolone pulse therapy. Her respiratory failure resolved, and she was taken off mechanical support on day 8 of hospitalization. In brain MR imaging that was performed after two courses of methylprednisolone pulse therapy, the mild abnormal signal remained on FLAIR, but the findings were improved on DWI, and she was discharged without neurologic sequelae on the 18th day of hospitalization. Her growth development is equivalent to her age as of 2 years after discharge. Although there have been no clinical epileptic seizures, epileptic discharges remain on her EEG findings, and anticonvulsive treatments with phenobarbital (5 mg/kg/day) was initiated to prevent further episodes until the age of 2 years. Currently, her age is 2 years and 5 months and she is receiving no medication.
HPeV infection was suspected because of the lack of specific clinical features, as well as the presence of hypercytokinemia. HPeV3 was detected from pharyngeal swabs, stool, cerebrospinal fluid and blood by polymerase chain reaction assay. She was diagnosed definitively with HPeV3-related encephalitis.
Discussion
HPeV3 causes severe disease in neonates and infants younger than 3 months, including sepsis-like symptoms and sepsis, meningitis and encephalitis [1] . Typically, young infants present with fever, tachycardia (often > 200 beats/min), poor activity and poor feeding [1] . Clinical signs include mottled skin, abdominal distention, umbilical protrusion and palmar-plantar erythema. Apnea may be present, regardless of encephalitis. Blood tests only show nonspecific findings. Inflammatory response and transaminase are also normal in many cases.
Britton et al reported nine infants with parechovirus encephalitis and neurodevelopmental outcomes [5] . In their study, seven of the nine infants with HPeV encephalitis aged < 2 months were girls. Eight of the nine patients (89%) had seizures, which were associated in five patients with loss of consciousness. Although HPeV was detected in CSF in all nine cases, CSF pleocytosis was lacking in all cases. All seven evaluated patients showed abnormal MR imaging findings and had white matter diffusion restriction. EEG anomalies were found in six of seven cases (85%), which revealed epileptic discharges. Seven of eight patients (88%) showed neurodevelopmental sequelae or concerns regarding abnormal neurodevelopment 12 months after discharge.
Regarding the brain MR imaging findings of HPeV-related encephalitis, white matter high signals are seen in T2-weighted images and DWIs, and the findings around the ventricle, in particular, are considered characteristic. This deficit was also observed in our case. The patient developed sepsis-like symptoms, such as fever and tachycardia, without elevated inflammatory response. She also developed complicated convulsions, respiratory disorders, neutropenia and blood clotting abnormality during the course of her case. These symptoms suggested that high cytokinemia may be responsible for elevated serum ferritin levels and high levels of IL-6. Although HPeV3-related encephalitis has usually led to neurological sequelae and death, our patient had a favorable neurological outcome. There is no specific therapy for HPeV3 infection [6] . Supportive care for respiration and circulation is the mainstay of treatment. Fluid bolus resuscitation may be required for tachycardia and/or poor perfusion. It has also been reported that IVIG treatment was useful for HPeV1 infection [7] . All tested IVIG preparations commercially available in Japan contained high neutralizing antibody titers for HPeV3 [8] . IVIG suppressed replication of HPeV3 in vitro in a dose-dependent manner. Furthermore, early administration of IVIG was more efficient in suppressing HPeV3 RNA levels [9] . Cases of neonatal and infantile HPeV3 infection have shown serum hyperferritinemia [10] . Our patient had hyperferritinemia, high serum levels of IL-6 and cytopenia, which was assumed to reflect hypercytokinemia. Yuzurihara et al reported the cases of two neonatal patients with hemophagocytic lymphohistiocytosis-like illness, which reflected hypercytokinemia caused by HPeV3 and required specific therapy with corticosteroid and cyclosporine [11] . These studies support the supposition that IVIG and corticosteroid were useful treatments for our patient with HPeV3-related encephalitis and were associated with her favorable neurological outcome.
In conclusion, we have reported a case of a 1-month-old girl with HPeV3-related encephalitis. Previous reports have noted that HPeV3 infections with central nervous symptoms lead to high rates of long-term neurological sequelae, and we believe that careful follow-up is necessary for neurodevelopmental outcomes. HPeV should be considered as part of the differential diagnosis for neonates and infants who present septicemic symptoms without elevated inflammatory response and lack CSF pleocytosis. When a patient is suspected of having encephalitis related to HPeV, treatment including IVIG and corticosteroid needs to be started as soon as possible to prevent neurodevelopmental sequelae.
